How do you determine the required size of smoke shafts, and what is a proper application of them? These are questions examined by the authors.
S
MOKE shaft is defined in this paper as a vertical shaft of noncombustible construction that extends from the bottom to the top of a building and has openings at the top to the outside and openings to floor spaces at each story. These openings are sealed with dampers. In the event of a fire, only the damper on the fire floor and the top outside damper are opened to exhaust smoke from the fire floor to outside. The smoke shaft is intended primarily to assist in preventing smoke from spreading. This is achieved by the venting action of the smoke shaft, which creates suction pressures in the fire compartment and which, in turn, induce flow of air from adjacent areas into the fire compartment.
Smoke spread from the fire compartment to the various parts of a building can occur under the mechanism of local stack action caused by high temperature in the fire compartment, thermal expansion, and stack action caused by building heating during cold weather. These mechanisms can result in pressures in the fire compartment that are higher than those in adjacent areas with a consequent flow of smoke into them. Of the three mechanisms, studies indicate that building stack action during cold weather creates the greatest potential for smoke spread from floor to floor in the event of fire. 1 It is suggested, therefore, that smoke shafts be designed to inhibit the spread of smoke under this condition.
OPERATION OF SMOKE SHAFTS
To illustrate the operation of a smoke shaft, a 6-story building with vertical shafts is considered. Figure 1 shows the pressure and flow patterns of such a building caused by building stack action during cold weather with no smoke shaft being present. It is assumed that the leakage openings in the exterior and interior walls of a building are uniformly distributed, so that the neutral pressure plane of a building is located at midheight. It is seen that for any story below midheight, the pressures of the floor spaces are higher than those in the vertical service shafts at the same level. The reverse is the case for stories above midheight. If a fire occurs in a story below midheight, smoke can spread from the fire floor to upper floors through the vertical service shafts. If a fire occurs in a story above midheight, the pressure pattern caused by building stack action would tend to inhibit such movement. By venting the fire floor located below rnidheight with a smoke shaft, pressures in the fire floor can be reduced, so that these pressures are lower than those in the vertical service shafts at the same level as well as in the floors above and below; thus the smoke is confined within the fire floor enclosure (Figure 2 ). The size of smoke shaft required is that necessary to provide sufficient venting of the fire floor to achieve this condition. If there is a large opening, e.g., broken windows, in the exterior walls of a fire floor located at low level, the pressures in the fire floor will approach those of outside and are likely to exceed those of the vertical service shafts, such as elevator and stair shafts, at the same level. Under this condition, a smoke shaft would be ineffective in preventing smoke spread into the vertical shafts and upper floors. A smoke shaft is, therefore, more effective in windowless buildings.
The required suction pressures in the floor spaces depend on the pressure differences across the walls of the vertical service shafts. In Figure 1 the pressure differences are represented by the horizontal distance between the lines that denote the shaft and floor space pressures. The greatest adverse pressure difference occurs at the bottom level of the building, and hence the greatest venting action is required by the smoke shaft at that level. Stories at or near ground level therefore establish minimum size requirements of smoke shafts.
In Figure 2 , the smoke shaft pressure, assuming no pressure losses inside the shaft, is indicated by a dotted line. As the smoke shaft is open to out-
